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The  succinic dehydrogenase activity in vitro of  the  cortex  of  guinea pigs' 
kidneys is lowered during the  course  of  infection with Mycobacterium tuber- 
culosis, tuberculin shock, and acute hemorrhagic shock  (1). Normal dehydro- 
genase activity can be restored by exposure of the tissue of infected animals 
to a  dialysate of normal guinea pig or bovine kidney. The present communica- 
tion deals  with  the  changes in enzyme activity, and  some  of  its  metabolic 
effects. 
Assay Procedure  for Sucdnic Dehydrogenase 
Normal and experimental guinea pigs were maintained under comparable environment on 
a chow-cabbage diet. Three  groups of animals were injected respectively intraperitoneally 
with 0.1 ml. of a 7 day tween 80 culture of M. ~uberculosis (2) strain H37Rv, the bacilli from 
1 ml. of a 7 day culture of a BCG strain, and 1 rag. of heat-killed bacilli H37Rv strain. Four 
animals of each group were killed at intervals specified in Fig. I. Four normal animals were 
killed at each time period for comparison with the experimental animals. All animals were 
fasted for 12 hours before death and killed by decapitation. 
Succinic dehydrogenase activity was measured on the cortex of the kidney of the animals 
in each group. The kidneys were quickiy removed, the cortex sliced away, and a weighed por- 
tion homogenized in a ground glass homogenizer with distilled water. The quantity of pp'- 
diphenylene-bis(3,5-diphenyl) tetrazollum phosphate  (NT)1 reduced was measured after 30 
minutes of incubation at 37°C. in a 15 ml. centrifuge tube with a final volume of 2 ml. con- 
taining 50 rag. tissue, 0.50 mg. NT, and a final concentration  of 0.03 x~ sodium succinate. 
The formazan was extracted with acetone and measured colorimetrically at 540 m~. This was 
compared with a standard formazan prepared by chemical reduction. 
Fractions collected and prepared by the methods outlined below were tested for the capac- 
ity to restore enzyme activity by dissolving them in the phosphate  buffer. These fractions 
were added to tissue of infected animals and allowed to incubate 40 minutes before addition 
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of succinate and NT. Animals infected with the H37Rv strain 3 to 4 weeks previously were 
used for these determinations in order to have the lowest values. The dehydrogenase was de- 
termined as outlined above. This was compared with the enzyme activity of the same kidney 
exposed to the phosphate buffer during the incubation period. 
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Fia. 1. The succinic dehydrogenase activity of the kidney of animals after receiving various 
strains of Mycobacteria tuberculosis and dead bacilli. The diminished activity is recorded in 
per cent on the ordinate and the time in weeks on the abscissa. 
Dekydrogenase Activity during Course of Tuberculosis 
Lowered dehydrogenase has been previously reported in animals with severe 
infection by M. tuberculosis (1). Fig. 1 shows the per cent decrease in succinic 
dehydrogenase in groups of 4 animals at varying times after injection of dead 
bacilli,  the H37Rv  strain,  or the  BCG  strains  of M.  tuberculosis.  The  first 
alteration in enzyme activity was noted after 1 week, with further depression 
later and  then a  return to the normal  range  in  the  case of the animals re- 
ceiving the BCG strain and the dead bacilli. 
In all groups of animals killed at 1 week there was little evidence of weight 
loss or infection. The animals infected with the living H37Rv strain and killed 
at 4 weeks showed marked wasting with enlarged spleen and liver and early 
caseating lesions. The animals receiving the dead bacilli and the BCG strain 
showed slight weight loss, ruffing of hair,  and enlarged liver and spleen but 
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Preparation  of Factor 
A  previous  report  (1)  noted  that  enzyme  activity  could  be  restored  by  a 
dialysate  of  bovine kidney.  The  factor  in bovine kidney  cortex  that  restored 
activity was prepared from the organs of adult  animals removed immediately 
after slaughter and maintained  at 2°C. until they were used in enzyme studies. 
A 50 per cent homogenate of the tissue was prepared and dialyzed at 2°C. against an equal 
volume of 0.067 u  phosphate buffer (pH 7.4). The maximal restoration of reduction by the 
cortex of the kidneys of infected animals was noted after 40 minutes of preincubation at 37°C. 
with the dialysate of the bovine kidney before the addition of succinate and tetrazolium. The 
effect of this dialysate on kidneys of normal and infected animals is shown in Table I. All 
TABLE  I 
Succinic Dehydrogenase Activity of Kidneys of Guinea Pigs after Treatment with 
Various Preparations of Normal Bovine Kidney 
Homogenates of the kidney cortex of infected animals was exposed to the undiluted prep- 
aration of bovine kidney for 40 minutes at 37"C. and then suecinate and tetrazolium were 
added. Values are determined after 30 minutes' incubation. Values are reported as t~g. per 
nag. of tissue ±  standard deviations. Six animals in each series. 
Kidney of guinea pig 
Preparation  Normal guinea pig  infected with M. 
kidney  tuberculosls 
Buffer 
Dialysate of bovine kidney 
Eluate from dowex 1 
Dowex 1-Treated dialysate 
Heated dialysate 
3.70  -4-  0.50 
3.92  -4-  0.45 
4.08  -4-  0.50 
2.28  4-  0.14 
3.36  -4-  0.25 
3.47  -4-  0.42 
2.55  -4-  0.40 
2.18  4-  0.31 
experiments on restoration of activity were carried out with the buffered phosphate as a con" 
troh The material was purified and concentrated by two methods. All operations were carried 
out at 2°C. In one, the tissue was homogenized in, and dialyzed against, an equal volume of 
the same buffer as described above. The dialysate was alkalinized to pH  11 with potassium 
hydroxide and shaken with dowex 1 chloride 200 to 400 mesh. The supernatant fluid was re- 
moved and the active material was eluted from the resin with 0.1 N HC1 in No, the volume 
of the original dialysate. This eluate was neutralized and lyophilized. The dried material was 
recovered from 250 gm. of tissue and dissolved in 0.1 to 0.2 ml. water, placed on 1°~  0 cm. 
strips of filter paper  (Whatman No.  1) and chromatographed in a  descending manner with 
80 per cent tetrahydrofurfuryl alcohol until the solvent front had moved 30 cm. The paper 
was dried over calcium chloride, cut into 2.5 cm. strips, and the strips eluted with 5 ml. of 
phosphate buffer. The eluate was tested directly with the kidney cortex of tuberculous ani- 
mals (Fig. 2). 
In the second method, similar kidney tissue was homogenized with equal volumes of 0.5 
1~ perchioric acid, neutralized and centrifuged for 30 minutes at  100 G. The supernate was 
fractionated for nucleotides by ion exchange chromatography on dowex  1 chloride, 200 to 
400 mesh (2 cm. X  6 cm.) by a modification of the method of Cohn and Carter (3). This con- 
sisted of the use of the series of solvents outlined at the base of Fig. 3.10 ml. fractions were 
collected and their optical density recorded at 260 m/z. The fractions were dried, redissolved 
in 1 ml. 0.067 •  phosphate buffer (pH 7.4), and the activity tested. 642  SUCCINATE DEHYI)ROGENASE  OF TUBERCULOUS  GUINEA  PIGS 
Effect of Fraction on Tissue of Normal and Infected Animals 
The activity of the various preparations of normal bovine kidney is shown 
in Table I. The dialysate and the eluate from dowex 1 had no significant effect 
on the reduction of tetrazolium by normal kidney homogenate; however, in 
the  kidney  of  the  diseased  animals,  the  dialysate  and  the  eluate  restored 
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FIG. 2. Effect of eluates from  filter paper on succinic dehydrogenase  activity of the cortex 
of the kidney of infected guinea pigs. Controb were 2 strips above the starting line. Abscissa 
indicates distance along chromatogram and  ordinate indicates per cent stimulation. Ac- 
tivity is centered at an R! of 0.54. Ultraviolet absorption and ninhydrin spots indicated. 
activity. Passage through dowex 1 removed all activity. Heating the material 
to  100°C.  at  acid and alkaline pH for 10 minutes destroyed the restorative 
activity. 
Fig. 2 is a graphic presentation of the effect of the eluted material from the 
paper  chromatogram  on  succinic  dehydrogenase activity of  the  kidneys  of 
infected animals.  The activity and optical density of the fractions from the 
ion exchange column are shown in Fig. 3. 
Commercial  preparations  of  adenylic  acid,  adenosinediphosphate  (ADP), 
adenosine triphosphate, coenzyme A, as well as Cohn and Carter fractions of 
inosinic monophosphate (3) in a  series of concentrations between 5  X  10  --~ to ~ARTXN~ COOPER~  CHAUDHITRI~ AND  GREEN  643 
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5  X  10  --8 M/ml. were without effect. Diphosphopyridinenucleotide (DPN)  in 
a  concentration of 1 X  10  --3 M/ml. gave slight stimulation, but this could be 
accounted for by activation of malic dehydrogenase. The active fraction would 
not support malic dehydrogenase activity of tissue, indicating the absence of 
DPN activity. When 0.005 ~  DPN and 0.05 ~  sodium malate were used, malic 
dehydrogenase could be measured by the  techniques outlined above for suc- 
cinate. Infected tissue had a  low malic dehydrogenase and this could also be 
increased by the addition of the active tissue factor. The active fraction would 
not act as a  substitute for DPN in the malic dehydrogenase; however, it in- 
creased the malic dehydrogenase activity of the renal cortex of infected animals 
above the control level when DPN was added to the homogenate. 
Characteristics of Active Faaor 
The active eluate from the  Cohn and  Carter  (3)  fractionation which had 
been lyophilized was redissolved in water, streaked as a band on paper (What- 
man No. 1) and chromatographed with isobutyric acid, ammonia, and versene 
after the method of Krebs and Hems (4). There were two bands of absorption 
in ultraviolet light. One band, with a Rf of 0.28,  when eluted was active in in- 
creasing the succinic dehydrogenase renal tissue of infected animals. This ma- 
terial was analyzed spectrophotometrically and had an absorption maxima of 
250 m# at pH 3 and 255 m/~ at pH 10, indicating the inosine nucleus. It gave 
a positive reaction with Toennies' reagent (7). Ribose was determined by the 
method of Mejbaum (5) and was present in a ratio of 1:1 to the inosine nucleus. 
The compound was found to contain phosphorus when analyzed by the method 
of Berenblum and Chain (6). Work in progress with Korkes (8) indicates that 
desaminocoenzyme A,  which  has  these  characteristics,  will  also  restore  de- 
hydrogenase activity of the tissues of infected animals. 
DISCUSSION 
Wells (9)  reviewed the data on the metabolism response of man to tuber- 
culosis. He commented on the wasting which is frequently out of proportion 
to the fever. The wasting could be either increased protein destruction and/or 
decreased  protein  production.  The  purine  excretion was  increased  in  both 
tuberculosis and the febrile tuberculin reaction. This increase was greater than 
the increase in uric acid excretion. It  suggested  to  the reviewer a  defect in 
tissue oxidation. The data presented above would tend to strengthen his sug- 
gestion. Previous communication has indicated that there is a  diminution in 
tissue  succinate  oxidation in  the  guinea  pig with  tuberculosis or  tuberculin 
shock which did not occur under simple stress of starvation or acute rickettsial 
infection (1). The present data indicate that this lesion develops early in the 
course of infection and is not related solely to the presence of living bacilli, 
but is more closely related to the host response to the presence of some product MARTIN~ C00PER~ CHAUDHURI~ AND  GREEN  645 
of the bacilli. With  the BCG strain and the dead bacilli there is a  transient 
lowering  (Fig.  1).  The return  to  normal  occurred when  progressive disease 
was not established. In order to determine the nature of this response, studies 
must be carried out on different types of infections in guinea pigs as well as 
in  other  animals.  The  lowering  of  dehydrogenase in  tuberculous  infection, 
tuberculin shock, and hemorrhagic shock may be due to an identical mecha- 
nism or may represent cellular damage occurring at different sites but ending 
in the same cellular metabolism disturbance. 
As here reported, a factor procured from normal bovine renal tissue has been 
prepared  which  will  restore  the  enzyme activity of  the  kidneys of infected 
guinea pigs.  This factor would appear  to be a  nucleotide containing inosine, 
phosphate groups, and ribose and having a free sulfhydryl radicle. A nucleotide 
prepared by deamination  of coenzyme A  with nitrous acid will  give similar 
activity (8). This nucleotide can be prepared from normal tissue by chromato- 
graphic analysis. It plays a role in succinate oxidation but the mode of opera- 
tion is obscure. It could activate succinate, serve as the Slater factor (10), or 
remove an end product of succinate oxidation. There are no known coenzymes 
for succinate oxidation; however, this factor could represent one previously 
undescribed. A series of known tissue nucleotides listed above would not serve 
to increase enzyme activity. These findings would suggest that this tissue factor 
may be a  new agent in  succinate oxidation. Since a  compound with similar 
activity can be produced from coenzyme A  the relation of this compound to 
coenzyme A is worthy of study. The role of the purine nucleotides, other than 
those related to adenine, in energy metabolism is under study by many bio- 
chemical groups (4). 
This enzyme alteration could play a role in the pathogenesis of tuberculosis. 
The loss  of enzyme activity to  the  degree noted above could markedly in- 
fluence  the  economy of  the  animal.  Since  succinate  oxidation  occupies an 
important place in the Krebs cycle and energy production, such an alteration 
should be accompanied by disturbances  in many reactions related to oxida- 
tive and high energy phosphate metabolism.  Dubos  (11)  has shown marked 
changes in susceptibility and resistance to infection in animals occurring with 
alteration in diet and metabolic activity which might be manifest by altera- 
tions in Krebs cycle activity of the type described here. If the response to in- 
fection and the response noted by Dubos to diet and drug are similar,  there 
may be additive effects of infection and dietary injury during the course of the 
disease. 
The alterations in succinic dehydrogenase activity during the course of in- 
fection with Mycobacterium tuberculosis strains  H37Rv and BCG, as well as 
with dead bacilli, has been described. A tissue factor has been described which 646  SUCCINATE  DEHYDROGENASE OF TUBERCULOUS GUINEA PIGS 
is prepared  from normal bovine kidney and will restore  enzyme activity in 
vitro.  This  factor  is  prepared  by  chromatographic  analysis and  contains a 
nucleotide with an ultraviolet absorption maxima at 250 mt~ (pH 3) and a free 
sulfhydryl group. The role of this factor in the response to tuberculosis is dis- 
cussed. 
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